T HE diaphragm stethoscope is usually credited to R. C. M. Bowles, an engineer of Suffolk County, Massachusetts, who was issued Letters Patent No. 526-802, October 2, 1894. Previous instruments had employed diaphragms but they were carefully recessed to avoid contact with the skin. Bowles concluded from his studies that sound conveyed by such instruments resulted from vibrations transmitted from the edge of the bell to the membrane "similar to beating a drum on the edge of the frame" and that a diaphragm in direct contact with the skin was more efficient. His improved chest piece introduced a new dimension in the art of auscultation making possible the appreciation of sound of higher frequency than usually detected with the bell. Clinical use ultimately proved the utility of both the bell and the diaphragm, explaining the widespread adoption of the composite instrument as introduced by Howard B. Sprague' of Massachusetts General Hospital in 1926 .
The bell, when held lightly against the chest wall, forms an air-tight compartment and at the same time holds the skin loosely as a membrane allowing optimum transmission of high-energy, low-frequency sound. This characteristic has led it to become the chest piece of choice of most in the detection of the low-pitched diastolic murmur of mitral stenosis. Even so, care must be taken to avoid the application of more than very light pressure or the skin will be made taut, interfering with the passage of the low-frequency sound. As pointed out by Butterworth Figure 1 Diaphragm deformation with light and heavy load.
A chest piece has been developed in which the diaphragm can be easily tuned to the frequency of the various sounds without appreciable compression of the underlying tissues. The selectivity of auscultation is enhanced by a new method for varying the rigidity or strain within the diaphragm. This allows a wide range of frequency appreciation by a single diaphragm chest piece.
Chest Piece A thin (0.0075 inch) Mylar diaphragm is prestressed by being bowed forward slightly by a fulcrum action of the retaining ring at its periphery, as shown in figure 1 .
A small raised area in the center of the diaphragm magnifies even further the increased tension resulting from pressure against the skin. Thus the Mylar diaphragm without pressure is thin enough to allow passage of many lowfrequency sounds encountered clinically, while the addition of slight pressure attenuates the low-pitched sounds and improves the transmission of the high-pitched components through a wide frequency range. These characteristics have made this modified diaphragm useful in the detection of certain pulmonary sounds, cardiac murmurs resulting from valvular insufficiency, and in the timing of cusp closure. The performance of this diaphragm as compared to the conventional one was studied under simulated conditions. Equipment and Procedures The need for a specially constructed soundproof room for adequate control of test conditions has been pointed out by Groom. figure 2 .
The signal from the oscillator was applied to the speaker in the artificial precordium from which it was detected by the stethoscope chest piece. The output from the binaurals of the stethoscope was converted from a logarithmic to a linear function and plotted in decibels on the Y axis of the recorder. It will be remembered that the decibel, which is the accepted unit of measure for the intensity of sound, is a logarithmic expression. A 3-db increase is equivalent to twice the sound power; a 10-db increase equivalent to 10 times the sound power; a 20-db increase equivalent to 100 times, etc. The power level of the input to the artificial precordium was kept constant for each test by means of the vacuum tube voltmeter. As the frequency of the input signal was varied, it was plotted on the X axis of the recorder in response to the voltage change from the potentiometer on the oscillator. cps to slightly above 1,000 cps. Therefore, for test purposes, a spectrum from 20 cps to 1,600 cps was considered to be more than adequate. Figure 3 shows the effect of pressure change in use of the special chest piece and Mylar diaphragm described above. Figure 4 Response of conventional flat diaphragm chest piece and new tensioned chest piece with a 2,000-Gm. pressure against the chest wall.
tenuated the low-frequency tones only slightly and did not change the response to the high-frequency tones ( fig. 4 ). This effect necessitated excessive chest pressure to attenuate further the low-pitched sounds with use of a flat diaphragm. Figure 5 
Summary
The effect of pressure against the chest wall in the use of the stethoscope for both the bell and the diaphragm chest piece is discussed.
A modified diaphragm chest piece in a single head designed to increase the auscultatory discrimination is discussed.
Comparison of the modified and conventional diaphragm chest pieces on an artificial precordium and with the employment of accepted engineering principles in the study of sound revealed the superiority of the modified diaphragm. ------------DIAPHRAGM  ---NEW TENSIONED  -_ _ _ _  _ _  -X  T  D   -DAPHRAGM   ------ 
